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OF A DELTA-WING--BODY COMBINATION AT TWSONIC SPEEDS 

By  Dewey E. Wornom and Robert S . Osborne 

Force tests of a delta-wing-body combination have been con&ucted 
in   the  Langley 8-foot transonic  tunnel at Mach numbers from 0.60 t o  1.14. 
Effects of body indentation based on the  transonic  area-rule concept for 
a Mach number of 1.0 were investigated at angles of attack up t o  approxi- 
mately 100. Additional tests were made t o  determine the transonic zero- 
l i f t  drag  characteristics of e delta-wing-body combination indented for 
a design Mach  number of 1.4. 

Body indentation  for a Mach number of 1.0 resulted i n  transonic 
zero-lift  drag-rise  reductions of the order of 0.005 w i t h  l i t t l e  or no 
effect  upon the lift and pitching-moment characteristics. The body 
indente.tion for a Mach  number of 1.0 did  not reduce the zero-lif t  drag 
r i s e  of the wing-body combination t o  that of the basic body alone as 
vould be expected from area-rule  considerations. 
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The indentation  for a Mach nudber of 1.4 revealed the sane zero- 
lift drag reduction a t  Nach  numbers up t o  1.025 as that experienced by 
the indentation  for a Mach  number of 1.0. At higher Mach nmibers, the 
drag  reduction of the  indentation  for a Mach  number of 1.b wes k g e r .  

IWIFtODUCTION 

The resul ts  of tests of delta-wing airplane  configurations have 
indiccted that these  configurations had large  zero-lift  trassonic  drag 
rises.  (See reT. 1, for  exam2le. ) The high transonic drag was believed 
t o  be associated with the rather unfavorable axial distribution of t o t a l  
cross-sectional  mea. 

In order to determine the  extent  to which the drag rise could. be 
reduced by application of the  transonic  mea-rule concept ( ref .  2), a 

m 60° del ta  wing having modified NACA 0004-65 a i r fo i l   sec t ions  was tested 
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in   the Langley %foot  transonic  tunnel  in combination with a body of 
revolution and i n  conbination with the body of revolution  indented  for 
a design Mach number of 1.0 so tha t  the  cross-sectional  area of the wing-  
body combination was the same as that for  the  basic body of revolution (. 

alone. In  addition,  the wing was tested with the body of revolution 
indented for  a design Nach  number of 1.4 (ref. 3) in  order  to determine 
the  transonic-drag  characteristics of a configuration  designed fo r  super- 
sonic  speeds. The resul ts  are presented  herein. 

The results of tests of the wing with the basic body of revolution 
and wit’i  the body indented fo r  a Mach =umber of 1.0 in   t he  Langley 4- 
by 4-foot supersonic pressure tunnel at Mach  numbers of 1.41 and 2.01 
are  presented  in  reference 4. 
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free-stream Mach  number 

Reynolds number based on w i n g  mean aerodynamic chord 

angle of attack of wing chord l ine,  deg 

wing mean aerodynamic chord, in. 

model base mea, sq f t  

body dimeter,  in. 

body radius,  in. 

longitvrdinal  distance from nose, in. 

t o t a l  w i n g  area including that blanketed by  body, sq ft 

l i f t ,  lb  

base d r - 9  Sb(P0 - pb) I l b  

drag, Measured drag - Base drag, l b  

pitching moment about a point  located at 0.275E and 0.0365 
above w i n g  chord plane, in-lb 

local  chord, in. 
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pitching-mzent  coefficient, - M' 
@E 

drag coefficient , D/qS 
zero-lif t drag coefficient 

increnental drag coefficient  based on CD value et M = 0.60 

increnental  zero-lift drag coefficient based on cD0 value 
a t  M = 0.60 

static-longitudinal-stabil i ty  paraeter,  averaged f'rom a = 0 
over linear  portion of curve 

lift-curve slope per  degree , averaged from a = Oo over l ineas 
portion of curve 

f ree-s t rea?  dynamic pressure, lb/sq f t  

base-pressure  coefficfent, %I - Po 
9 

free-stream s t a t i c  pressure, lb/sq f t  

static  pressure at mde l  base , lb/sa_ ft 

The investigetion vas  conducted in the Langley 8-foot transonic 
tunnel w h i c h  is a single-return system  with a dodecagonal s lot ted test 
section. This test facil i ty,   operating  at  approximately  atmospheric 
stagnation  pressure, i s  capable of obtaining Mach riders continuously 
through the speed of sound. Further  details of the  tunnel can be found 
i n  reference 5. 
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Models 
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The  wing had 60° sweptback leading edges, 50 sweptforward t ra i l ing  
edges, and used modified NACA 0004-65 streanwise airfoi l   sect ions 
(table I). Other geometrical  details of the w i n g ,  constructed of a s t e e l  
leading edge  and a t i n  bismuth surface formed over a s t ee l  core, are noted 
in  figure 1. Chordwise fences were installed  at   the 66-percent-wing- 
semispan s ta t ion and extended from the  leading edge t o  the 79-percent- 
local-chord  station. The fence  height from the 10- t o  50-percent-chord 
s ta t ion was equal to  the maximun l oca l   a i r fo i l  thickness. The fence was 
faired from the 10-percent-chord station to zero  height a t  the  leading 
edge, and f ron  the 50-percent-chord s t a t ion   t o  a height of l/8 inch a t  
the 79-percent-local-chord station. The fences were  employed to  allevi-  
a te  adverse  pitch-up  tendencies which  were found from previous t e s t s   t o  
be characterist ic of t h i s  w i n g .  

The basic body of revolution was designed as a low wave drag body 
of given  length, base diameter, and maxhun dianeter. An afterbody  exten- 
sion was used t o  reduce the base mea t o  tha t  of a  typical  interceptor 
fuselage  (figs. 1 and 2). 

The body indented for  a Mach  number of 1.0 was designed in  accordance 
w i t h  the  transonic  mea-rule concept so that  the  cross-sectional  area of 
the wing-body combination a t  a given longitudinal  station was the same 
as that  of the basic body alone. The  body indented f o r  a Mach  number 
of 1.4 was designed in  accordance with  reference 3. This design is the 8 

application of the  supersonic  mea-rule concept i n  which the w i n g  area 
remved from the body cross-sectional  area is that average mea  cut by 
planes  tangent to the  design Mach cone at various r o l l  angles. It should 
be noted that  the  slight  increase  in  length of' the body indented for  
M = 1.4 as compared with the  other bodies tested has no special   signifi-  
cance and w a s  due t o  an inadvertent  error  in  construction. Area distri- 
butions of the wing-body combinations are presented in  f igure 3 and body 
ordinates  are  l isted  in table 11. Body fineness  ratios  are  presented  in 
table 111. 

bl 

Support System 

The mdels were securely  fastened t o  an internal  strain-gage balance 
which was i n  timn attached t o  a support sting. A t  i t s  downstream end, 
the  sting was fastened  through  a 5' offset  coupling to  a  support  tube 
which was fixed axially in  the  center of the  tunnel by two sets  of support 
s t ru ts  coming from the tunnel wall. 
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Measurements and Accuracies 
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LiTt ,  drag, ar" pitching-monent measurements  were obtained by the 
use of an internal  electrical  strain-gage  balence. The pitching moment 
was zoeasured about a point  located at 27.5 percent of the mean aerodynamic 
chord and 3.6 percent of the mean aerodynamic chord above the chord  plene. 

The accuracy of the  coefficients was es t imted  t o  be within  the 
following maximum values up t o  a l i f t  coefficient of at least 0.b: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.005 
C p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r o . o o l  
& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S .  001 

The angle of attack was s e t  using a fixed-pendulun strain-gage unit 
loceked in   the  support st ing and an o p t i c a  measuring Cevice outside or" 
the  tunnel  test  section and is  believed t o  be accurate  within ~.l'jo. 
Support-system deflections were corrected by a calibration of s t ing an& 
balance  deflection w i t h  respect  to  nodel load. 

Base pressures were obtained by an orifice  located  inside  the  base 
of the body. The accuracy of the  bese-pessure  coefficients  presented 
was estimated t o  be within a.005. 

The average t e s t  Mach nmber was detedned   to   wi th in  %.OO3 from 
a calibration with respect t o  the pressure in   the  c'nardber surroundir?g 
the  slotted  test   section. 

Tests 

The  wing plus  basic body and the wing plus body indented f o r  M = 1.0 
were t e s t ed   a t  Mach  nunrbers from 0.60 t o  1.14 through an -le-of-attack 
range from Oo t o  approximately loo. The wlng plus body indented for  
M = 1.4 and the  basic body alone were tes ted   a t  MEch numbers from 0.60 
t o  1.14 for zero angle of attack only. 

The t e s t  Reynolds nmber based on the wing mean aerodynanic chord 
w a s  of the  order of 4.4 x 106 ( f ig .  4) . 

Corrections 

BounWy interference at subsonic velocities has  been minimized by 
the  slotted  test   section and no corrections have been applied. A t  Mach 
numbers  above 1.00, the  effects of boundary-reflected  disturbances  are 
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considered  insignificant  with  the  possible  exception of a Mach  number 
of  1.075. A t  a Mach Ember of 1.14, the disturbances had passed down- 
stream  of  the mociel base. 

Sting  interference  effects on l i f t  and pitching-moment coefficients 
were probably negligible  (ref. 6 ) .  The effect on drag was alleviated 
by adjusting  the base pressure  to  free-strear,  conditions. 

RESULTS 

All data have been adjusted  to  represent  free-stream static pres- 
sure et the node1 base  usips the base-pressure  coefficients  presented 
in  f igure 5. 

Basic force and moment data for  the wing plus  basic body, wing  plus 
body indented for M = 1.0, wing plus body indented for M = 1.4, and 
basic body alone  are  presented  in  figures 6 t o  8. Body alone  data have 
been based upon w i n g  area. Analysis of figures 9 t o  11 shows the  effect 
of the transonic (M = 1.0) and supersonic (M = 1.4) indentations on the 
lift, drag, end  pitching-moment characteristics. 

Schlieren photographs of the four  configurations  tested  are shown 
in   f igures  I 2  and 13. 

DISCUSSION 

Lnasmuch as the variation of subsonic drag level due t o  body indenta- 
tion  indicated  in figures 9 and lo(a) is unexplained  on the basis of 
existing  experimental results, it has been assumed for  the present  analysis 
that they would not  exist on a full-scale  airplane. Accordingly, ih addi- 
tion  to  the  presentation of basic data, the drag variations with Mach 
number ere presented as increments  of  pressure drag between that at any 
Mach nmiber  and a Mach  number of 0.60. It should be pointed out that 
the  incremental  reductioz  in drag so obtained is conservative;  that is, 
the  reductions ir, drag resulting  fron any specific  modification should 
be a t  least as large as those  presented. 

Indentation  for M = 1.0 

Zero-lift drag.- The Mach  number 1.0 indentation reduced the zero- 
l i f t  drag-rise  coefficient by 0.005 at a Mach  number of 1.0, and  by 
values  decreasing t o  0.0007 a t  a Mach  number of 1.14 (f ig .  9 ) .  Some 
effects of indentation  in  reducing the strength of the shock waves at 
transonic speeds are  indicated  in the schlieren photographs of figures 12 
and 13. 
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The zero-li?t  drag-rises of the wing plus body indented for W = 1.0 
and basic body alone  should be approximately equal on the  basis of the 
area-rule concept since both configurations hve the same cross-sectional 
area  distribution. It m s  indicated  in  figure 9, however, that   the peak 
drag-rise  value of the w i n g  glus body illdented for  M = 1.0 is 0.0122 
or  61  percent  higher  than  the 0.0076 value for  the  basic  bow  alone. The 
dif2erence is $robably due t o  severe  local  velocity  gredients  created by 
the  severe body in6eztations as stated i n  reference 7. The effects of 
the adverse velocity  gradients are clearly shown by the shock formations 
of  the wing plus body indented for  M = 1.0. in  f igure  l2(c) as conpared 
with those of the basic body alone in  f igure =(a). 

D r ~ g  at l i f t i n g  conditions. - Figure lO(b) presents a compzison of 
incremelltzl drag (between m y  Mech  number and a Mach  number of 0.60) at 
li2tipG  conditions between the wing plus basic body and wing plus bow 
indented for M = 1.0. For CL = 0.2 indentation  resulted  in e reduction 
i n  drtzg coefficient from M = 0.95 t o  1.075 with a maxinum reduction 
of 0.004 occu"ri1!4 near M = 1.0. For = 0.4 indentation  resulted 
i n  a reduction i n  d r ~ g  coefficient from M = 0.925 to  the  highest   test  
Mach  aumber with the maxim reduction of 0.006 occurring at a Mach nm- 
ber of approximately 1.0. 

L i f t  and pitching moment.-  The lift-curve  slope in figure 11 shows 
a slight  increase of not more t h n  5 percent at Mach numbers  above 0.9 
as e resul t  of indenting  the  basic body. No significant change i n  
pitching-noment characteristics due t o  body -iJldentation is  noted. (See 
figs.  6(c) and 11.) 

indentation f o r  M = 1.4 

Drag at zero l if t .-  Zero-lift drag coefficient of the wing ~lus body 
indented f o r  M = 1.4 w a s  approximately  equal t o  that of the w i n g  plus 
body indented for M = 1.0 up t o  a Mach  number of 1.025 (fig.  9 ) .  -on 
Mach numbers of 1.025 t o  1.14, the  supersonic  indented  configuration 
zero-lift drag coefficient was approximately 0.002 lower than that of the 
transonic  indented  configuration. 

Due t o  the  limited  angle 03 v i e w  and two-dirrensional aspects of the 
schlieren photpgrashs in  figure 13, a comparison  between the  trmsonic 
and supersonic  indented  configuratlons e;t Mgch numbers of 1.075 .znd 1.14 
does not reveal  the complete shock phenomenon. From the  schlieren photo- 
graphs, it appears th&t  the transonic  indented  configuration  resulted  in 
less severe shocks thm did the  sugersonic  indented  configuration. How- 
ever, t h i s  mey be misleadi-ag. Since  the  supersonic  are=  rule is based 
uyon reduction of shock formt ion   in  every  plane that can be passed 
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though  the  longitudinal  axis of the  configuration,  schlieren photographs 
at various  angles of rotation about the longitudinal  axis of the model, 
particularly a plan view  where the  disturbances of the w i n g  would probably 
be more pronounced, would be more representative of the complete shock 
phenomenon. 

CONCLUSIONS 

The following may be concluded from end-tunnel  tests of a delta- 
wing-body combination w i t h  body indentations  based on the  transonic 
and supersonic mea rule concept: 

1. Body indentation  for a Mach nunber of 1.0 resulted  in  transonic 
zero-lift  drag-rise  coefficient  reductions of the  order of 0.005. 

2. The body indentation  for M = 1.0 did  not  reduce the zero-lif t 
drag rise of the wing-body combination t o  that of  the basic body alone 
as would be expected from area-rule  considerations. 

3. Body indentation based on the  transonic-area-rule concept had 
l i t t l e  o r  no effect  upon the lift and pitching-noment characteristics. 

4. The indentetion  for a Mach  number of 1.4 revealed the same zero- 
l i f t  drag reduction a t  Mach numbers  up t o  1.025 as that experienced by 
the indentation  for a Mach  number of 1.0. A t  higher Mach numbers the 
dreg reduction of the M = 1.4 indeEtation was larger. 

Langley Aeronautical  Laboratory, 
National Advisory Cowt tee   fo r  Aeronautics, 

Langley Field, Va.,  October 28, 19%. 

5 
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ORDINATES OF THE NACA oook-65 (MODIFIED) 

AIRFOIL SECTION 

Station, 
percent  c 

0 
25 

* 5 0  - 75 
1.00 
1.25 
2-50 
5.00 
7. Y 
10.00 
20.00 
30 .oo 
40.00 
Y .oo 
60.00 
70 .oo 
80.00 
9 .oo 
100.00 

Ordinate, 
percent c I 

0 
.28 I 
9 39 
47 
53 
59 
79 

1.03 
1. x) 
1.32 
1.64 
1.83 
1- 95 
2.00 
1- 97 
1.82 
1.40 

9 73 
"" 

I Leading-edge radius: 0.0018~ I 

. 
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Model 
stat ion, 

from nose 
x, in. 

r 
fo r  basic 
body, 

in. 

0 
378 

1.512 

13.000 
15. ooo 
15- 130 
17.000 
18.150 
19.000 
21.000 
21.180 

24.200 
23.000 

25. ooo 
27.000 
279  230 
28.690 
29 . 000 
30-250 
31.000 
33 370 
33 870 

0 
.162 
453 

.7&9 
1.220 
1.590 
1.890 ""- ""- 
2.110 

2.240 
""_ 
"_" ""_ 
2.200 

2.020 
""_ 
""_ ""_ 
1.840 ""_ 
1.680 

1.260 

""_ 
""- 
""_ 

r 
for indented 

body (M = l.O), in. 
I 

0 
.162 I 
453 
749 

1.220 
1- 590 
1.880 ""- ""_ 
2.000 

1=9w 
""_ 
""_ 
1.800 

1.580 

""- 
""- 
""_ I ""_ 
1.650 

1.680 

1.260 

1.770 ""- 
""_ 
- " " 

r 
for indented 

body (M = L4), 
in. 

0 
.162 
453 
749 

1.220 
1- 590 
1.890 
1.950 
2.020 ""_ 
2.04-0 

2.010 
1.870 

1.720 

"_" 
"_" 
""_ 
1.650 
1.590 

1.510 

1.440 

1-330 

""_ ""_ 
""_ 
""_ 
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Configuration 

Basic body alone 

W i n g  plus body 

Wing plus body indented 
for M = 1.0 

Wing plus body indented 
for  M = 1.4 

bdy length, 
in. 

33 37 

33 9 37 

33 37 

33 9 87 

TABLE 111 

BODY FINENESS RATIOS 

rIaximum body diameter, 
in. 

4.48 

4.48 

4.00 

4.08 

3ody fineness 
ratio 

7.45 

7-43 

8.34 

8.31 

Equivalent f inenes! 
ratio 

6.57 

7.42 

I I 
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Wing Geomelry 

I p - 2 0 . 6 3 4 " -  -- - h 

I" " -" 

Figure 1. - Details of the wing-body combinations. All. dimensions in 
inches unless otherwise noted. 
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(a) Wing plus body (basic). L-78323.1 
Figdre 2.- Pho+,ogrzphs of two configuratlons tested. 
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(b) Wing plus body indented for M = 1.0. L-78324.1 
Figure 2.- Concluded. 



"- Wing plus body (basic) 
" - - Wing plus body  indented for M=l,O 
- - Wing plus body  indented for M=l.4 

Wing  alone 

0 4 8 12 
Model station, inches from nose 

I 
z 
P 
A 

Figure 3.- Cross-sectional meas normal. to the  longitudinal body oxis 
f o r  the wing-body combinations. Y 

1 I c I 
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.7 .8 .9 
Mach number, M 

I .o I, 

I 
Figure IC.- Variation with Mach number of approximate t e s t  Reynolds number 

based on E = 13.755 inches. 



o Wing plus body  (basic) 

0 Wing plus body indented for M=IA 
n Wing plus body indented for M-1.0 

A Basic  body  alonc 

Angle of attack,a,deg 

Figure 5.- Base-pressure coefficients for configurations  tested. 
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12 

IO 

0 
n 

Wing plus body (basic) 
- - - -Wing plus body indented for M=I,O 

Lift coefficient,CL 

(a) G i f t .  

1 I 



Iu 
0 

Lift coefficient,C~ 

(b) Drag. 

Figure 6 .- Continued. 

I I I 



Wing plus body (basic) 
Wing plus body indented for M=I.O - "- 

Lift coefficient,CL 

(c)  Pitching moxeEt. 

Figure 6.- Concluded. 

21 



22 

.2 

CL 
0 

.02 

CD 

0 

.5 .6 .7 .8 .9 1.0 1.1 1:2 
Mach number, M 

c 

Figure 7.- Force and moment characteristics of the wing plus body 
indented for M = 1.4. 
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CL 

.2 

0 

2 

0 

.5 .6 .7 .8 .9 1-0 1.1 12 
Mach number, M 

Figure 8.- Force and monent c h a r a c t e r i s t i c s  of t h e  basic body alone. 
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Wing plus body (basic) 

Wing  plus body indented for PJ=1.4 
" --Wing  plus body  indented for M=LO 
- 

Mach number, M 

Figure 9.- Effects of transonic and supersonlc body indentation on the . 

ze ro - l i f t  drw m d  increnental   zero- l i f t  drag coeff ic ients .  
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Figure 10.- 

Wing plus body  (basic) 
"" Wing plus body indented for M=I.O 
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Wing plus body (basic) 
Wing plus body indented for M=I.O 

.Of 
"_" 

I I I 

C~=0 .4  

i /- " - " 

I / 

0, 
i / 

I 
/ 

1 I I 
1 

I 

Mach number, M 

(b) Incrementd b ~ ; .  

Figure 10. - Conc luded. 
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Wing plus body (basic) 
Wing plus body indented for M=I.O "" 

Mach  number,M 

Mach  number,M 

F i v e  11.- Effect of t rmsonic  body indentetion on the average l i f t -  
curve slose and static-longitudinal-st.zbility permeter .  
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M=0.95 

I -- *a  
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M=0.975 

M=1.00 M=1.025 

(a) Basic bady alone. L-86465 
12.- SchlFeren photographs of tke configurations  tested from Mach 

nwnbers of 0.95 t o  1.025 st en angle of a+,tack of Oo. 
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M=1.00 M=1.025 

(b) Wing plus body ( b 8 ~ i c ) .  

FLgure 12.- Continued. 

L-86466 



M=0.95 M=0.975 

"- - .  

L " 

M=1.00 M=1.025 

(c) Wing plus body indented for M = 1.0. L-86467 
Figure 12. - Continued. 
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M=0.95 M=0.975 
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t .  

M=1.00 M=1.025 

(a) Wing glus body indented fo r  M = 1.4. L-86468 
Figme 12. - Concluded. 



M=1.075 M= 1.1 4 
Wing plus body indented for M=I.O 

. .. - ._ / 

M=1.075 
Wing plus body indented for M=1.4 

M=M4 

L-86469 
Fiewe 13.- Cornparisen of shock formation  between the wing plus body 

ir,dented f o r  M = 1.0 arld wing plcs body Fndented f o r  M = 1.4 at 
M a 5 1  n-mbers of  1.075 a d  1.14 at ar~ angle of E t t z c k  of 0'. 
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